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Development of Superficial Sensory Test Equipment for Screening Inspection 
Yoshifumi Oyama1,*, Masanobu Nagata2  
 
The number of patients with sensory disorders such as cerebrovascular disorders and diabetes will increase in the future. In the medical 
field, sensory tests are performed for the purpose of diagnosing medical conditions and the degree of recovery. A device for performing 
tactile and temperature inspection devices has been developed. Tactile stimulation is an air jet non-contact method. In tactile stimulation 
experiments, stimulation pressures of 0.003 g, 0.016 g, 0.045 g, 0.086 g, and 0.124 g were obtained. For the temperature sensation 
stimulator, a stimulator with a temperature measurement function was prototyped. 
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㸯⥴ゝ
⬻⾑⟶㞀ᐖࡸ⢾ᒀ⑓ࠊ⬨᳝㞀ᐖ࡞࡝ࠊឤぬ㞀ᐖࢆక࠺⑌
ᝈᝈ⪅ᩘࡣࠊᅗ㸯࡟♧ࡍࡼ࠺࡟♫఍ࡢ㧗ᗘ໬࡟క࠸௒ᚋࡲ
ࡍࡲࡍቑຍࡍࡿྍ⬟ᛶࡀ㧗࠸(1)ࠋឤぬ᳨ᰝ࡛ࡣࠊ⓶⭵࠶ࡿ࠸
ࡣ⢓⭷ୖ࡛⏕ࡌࡿ⾲ᅾឤぬ᳨ᰝ࡜ࠊ㦵⭷ࠊ➽⫗ࠊ㛵⠇࡞࡝
࡛⏕ࡌࡿ῝㒊ឤぬ᳨ᰝ࡟ศࡅࡽࢀࡿࠋゐぬࠊ ᗘぬࠊᅽぬࠊ
③ぬ࡞࡝ࡣ⾲ᅾឤぬࠊ᣺ືぬࠊ㐠ືぬࡣ῝㒊ឤぬ࡜࡞ࡿࠋ
ࡑࢀࡒࢀ␗࡞ࡿཷᐜჾ࡛ឤ▱ࡉࢀࡑࡢఏ㏦㊰ࡶ␗࡞ࡿ(2)ࠋ་
⒪⌧ሙ࡟࠾࠸࡚ࡣࠊࡇࢀࡽࡢྛయᛶឤぬ࡟ᑐࡋ࡚ࠊ⑓≧ࡢ
デ᩿ࡸᅇ᚟ᗘྜ࠸ࠊ࠾ࡼࡧࠊ἞⒪ຠᯝࡢ☜ㄆ࡞࡝ࡢ┠ⓗ࡛ࠊ
ឤぬ᳨ᰝࡀᐇ᪋ࡉࢀ࡚࠸ࡿࠋࡇࡢ⑓ែࡢ᪩ᮇⓎぢࡣ㞀ᐖࡢ
㐍⾜㜵Ṇࡸᝈ⪅ࡢ Quality of Life(QOL)ࡢᨵၿ࡟ࡘ࡞ࡀࡿࠋ    
௦⾲ⓗ࡞᳨ᰝデ᩿ἲ࡜ࡋ࡚ࠊ㟁Ẽ่⃭ࢆ฼⏝ࡋࡓ᢯ᾘ㒊
ศࡢឤぬ᳨ᰝἲࡀ࠶ࡿ(3) (4)ࠋࡋ࠿ࡋࠊእ᮶デ⒪ࡸࣜࣁࣅࣜࢸ
࣮ࢩࣙࣥࡢ⌧ሙ࡛ࡣࠊデ᩿ࡢṇ☜ࡉࡼࡾࡶࠊẁྲྀࡾࡢ⡆᫆
໬ࠊ᳨ᰝ᫬㛫ࡢ▷⦰໬ࠊࡑࡋ࡚ࠊ⿕㦂⪅ࡢ㈇ᢸ㍍ῶࢆ㔜ど
ࡋࡓ᳨ᰝࢆ⾜࠺ࡢࡀ⌧≧࡛࠶ࡿࠋ᳨ᰝࡍࡿឤぬࡢ✀㢮࡟ᛂ
ࡌ࡚ከ✀ከᵝ࡞ჾලࡀ⏝࠸ࡽࢀࠊ౛࠼ࡤࠊゐぬ᳨ᰝ࡛ࡣࠊ
⿕㦂⪅ࡀ㛢║ࡋࡓ≧ែ࡛ࠊᰂࡽ࠿࡞ẟ➹ࡸ⬺⬡⥥ࠊ㫽ࡢ⩚
࡞࡝࡛㍍ࡃゐࢀࠊ⿕㦂⪅ࡀឤࡌࡓሙྜ࡟͆ࡣ࠸͇࡜⟅࠼ࡉ
ࡏࡿࠋ ᗘぬ᳨ᰝ࡛ࡣࠊ Ỉ㸦40㹼50Υ㸧࡜෭Ỉ㸦5㹼10Υ㸧
ࢆヨ㦂⟶࡟ධࢀ᳨࡚ᰝ㒊఩࡟ᩘ⛊㛫࠶࡚͆ ࠿࠸͇࠿͆෭
ࡓ࠸͇࠿ࠊࢆ⟅࠼ࡉࡏࡿࠋ᣺ືぬ᳨ᰝ࡛ࡣ 128Hzࡲࡓࡣ 
256Hz ࡢ࿘Ἴᩘ࡛᣺ືࡍࡿ㡢ཫࢆ⿕㦂⪅ࡢ㌾㒊⤌⧊ࡢᑡ࡞
࠸㦵ࡢ㒊ศ࡟࠶࡚ࠊ᣺ືࢆឤࡌ࡞ࡃ࡞ࡗࡓࡽ͆ࡣ࠸͇࡜⟅
࠼ࡉࡏࠊ᣺ືࢆឤࡌ࡞ࡃ࡞ࡿࡲ࡛ࡢ᫬㛫ࢆㄪ࡭ࡿࠋࡇࢀࡽ
ࡢ᳨ᰝ࡛ࡣࠊ୍⯡࡟᳨ᰝ㒊఩࡜ṇᖖ࡞㒊఩࡜ࡢឤぬࡢ⛬ᗘ
ࡀẚ㍑ࡉࢀࡿࠋࡇࡢࡼ࠺࡟ᚑ᮶ࡢ᳨ᰝࡣࠊ➹࡞࡝ࡢ⏝ලࢆ
ά⏝ࡋ࡚࠸ࡿࡢࡀ⌧≧࡛ࠊ᳨ᰝ⪅ࡢయ᱁ࡸᛶู➼࡛ຊຍῶ
ࡀ㐪࠺ࡇ࡜ࡸࠊ୍ேࡢ᳨ᰝ⪅࡛ࡶᖖ࡟ྠࡌຊຍῶ࡟࡞ࡽ࡞
࠸ࡇ࡜ࡣᐜ᫆࡟᝿ീࡀࡘࡁࠊ᳨ᰝᇶ‽࡟ᕪࡀฟ࡚ࡋࡲ࠸ᐃ
㔞ⓗ࡞᳨ᰝ࡜ࡣゝ࠼࡞࠸ࠋ 
ᐃ㔞ⓗឤぬ᳨ᰝ(Quantiative Sensory Testing:QST)⿦⨨࡟ࡘ
࠸࡚ࡣࠊࡇࢀࡲ࡛࡟࠸ࡃࡘ࠿ࡢ⿦⨨ࡀᥦ᱌ࡉࢀ࡚࠾ࡾࠊ 
ᗘぬ᳨ᰝ⿦⨨࡛ࡣ࣌ࣥࢩࣝᆺ ᗘឤぬィ㸦ࣘࣇ⢭ᶵ♫㸧ࠊ᣺
ືぬ᳨ᰝ⿦⨨࡛ࡣ Vibrationϩ(Sensortek ♫)࡞࡝ࡀ㛤Ⓨࡉࢀ
࡚࠸ࡿ(5)ࠋゐぬ᳨ᰝ࡛ࡣ㠀᥋ゐయ⾲่⃭⿦⨨ࡢ◊✲஦౛ࡀሗ
࿌ࡉࢀ࡚࠸ࡿ(6)ࠋࡋ࠿ࡋࠊࡇࢀࡲ࡛࡟ᥦ᱌ࡉࢀ࡚࠸ࡿ⿦⨨ࡣ
༢⊂ࡢឤぬ᳨ᰝ⏝࡛࠶ࡾࠊ」ᩘࡢឤぬ᳨ᰝࢆᑐ㇟࡜ࡋࡓ⿦
⨨ࡣ➹⪅ࡽࡢㄪᰝ⠊ᅖ࡛ࡣぢᙜࡓࡽ࡞࠸ࠋ 
➹⪅ࡽࡣࠊ⾲ᅾឤぬ࡛࠶ࡿゐぬ࡜ ᗘぬࠊ࠾ࡼࡧࠊ῝㒊
ឤぬࡢ᣺ືぬ࡟╔┠ࡋࠊ᭱⤊ⓗ࡟ࡣ 1 ಶࡢࣘࢽࢵࢺ࡛ࢫࢡ
࣮ࣜࢽࣥࢢ᳨ᰝ⏝㏵࡜ᣦྥࡋࡓᐃ㔞ⓗ᳨ᰝࡀྍ⬟࡞ᦠᖏᆺ
ឤぬ᳨ᰝ⿦⨨ࡢ㛤Ⓨࢆ┠ᣦࡋ࡚࠸ࡿ(7) (8)(9)ࠋ 
ᮏ✏࡛ࡣࠊ⾲ᅾឤぬ࡛࠶ࡿゐぬ࡜ ᗘぬࡢ᳨ᰝ⿦⨨࡟ࡘ
࠸࡚ࡢ◊✲㛤Ⓨ࡟ࡘ࠸࡚ሗ࿌ࡍࡿࠋ ᗘぬ᳨ᰝ⿦⨨ࡢ་⒪
⌧ሙ࡛ࡢ⮫ᗋᐇ㦂࡟ࡘ࠸࡚ࡢヲ⣽ࡣཧ⪃ㄽᩥ(8)࡟ࠊ᣺ືぬ
᳨ᰝᢏ⾡࡟ࡘ࠸࡚ࡣࠊཧ⪃ㄽᩥ(9)࡟ヲ⣽ࢆࡲ࡜ࡵ࡚࠸ࡿࡢ
࡛ࠊᮏ✏࡛ࡣ๭ឡࡍࡿࠋ 
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㸰ヨస⿦⨨ࡢᴫせ
ឤぬ่⃭ࢆ⾜࠺ࡓࡵࡢ⿦⨨ࢆヨసࡋࡓࠋ୍ࡘࡢࢥࣥࢺࣟ
࣮࣮ࣛࢆ౑⏝ࡋࠊࢥࣥࢺ࣮࣮ࣟࣛ࡟ゐぬ่⃭ࠊ ᗘぬ่⃭ࠊ
᣺ືぬ่⃭ࢆⓎ⏕ࡍࡿࣉ࣮ࣟࣈࢆ࣮࢝ࢺࣜࢵࢪᘧ࡛᥋⥆ࡍ
ࡿࢱ࢖ࣉ࡛࠶ࡿࠋᅗ㸰ࡣゐぬ่⃭ࣉ࣮ࣟࣈࡢᴫほࠊᅗ㸱ࡣ
 ᗘぬ่⃭ࣉ࣮ࣟࣈࡢᴫほ࡛࠶ࡿࠋゐぬ่⃭ࡣ✵Ẽᄇὶ࡛
⾜࠺᪉ᘧ(10)࡛ࠊᄇὶ✵ẼࢆⓎ⏕ࡍࡿᑠᆺࣈࣟ࢔㸦San Ace B52
ᒣ㝧㟁Ẽ〇㸧࡜ࣀࢬࣝ࠿ࡽᡂࡿࠋࢧ࢖ࢬࡣࠊ㛗ࡉ 150mmࠊ
ȭ30mmࠊ㔜㔞 110g࡛ࠊືస㟁ᅽࡣ 12VDCࠋ ᗘぬ่⃭ࡣ
య⾲࡟᥋ゐࡋ่࡚⃭ࢆ⾜࠺(11)ࠋࣉ࣮ࣟࣈࡢࢧ࢖ࢬࡣࠊ㛗ࡉ
150mmࠊȭ20mm࡛ࠊ⇕※Ⓨ⏕ࡣ࣌ࣝࢳ࢙⣲Ꮚ࡟ࡼࡿࠋᅗ㸲
࡟ࢥࣥࢺ࣮࣮ࣟࣛࡢᴫほ࡜ᡭࡢ⏥࡬ࡢ่⃭ᥦ♧ࡢᵝᏊࢆ♧
ࡍࠋࢥࣥࢺ࣮࣮ࣟࣛࡢࢧ࢖ࢬࡣࠊ125×175×45mmࠊ㉁㔞 350.5g
࡛ࠊH8/3052F࣐࢖ࢥࣥࢆᦚ㍕ࡋ࡚࠸ࡿࠋ 
 
 ゐぬ่⃭
ᚑ᮶ࡢゐぬ᳨ᰝἲࡢၥ㢟Ⅼ
ゐぬ᳨ᰝ࡛ࡣࠊ㠀ᖖ࡟ᚤ⣽࡞่⃭ࢆ⓶⭵࡟ᥦ♧ࡍࡿࡇ࡜
࡟࡞ࡿࠋࣜࣁࣅࣜࢸ࣮ࢩࣙࣥ་⒪⌧ሙ࡛ࡣࠊ⨯ᝈ≧ែࡢࢫ
ࢡ࣮ࣜࢽࣥࢢ᳨ᰝ⏝࡜ࡋ࡚ࠊᕷ㈍ࡢẟ➹➼ࢆ฼⏝ࡍࡿࡢࡀ
㏻ᖖ࡛࠶ࡿࠋ⇃ᮏ኱Ꮫ㝃ᒓ⑓㝔ࣜࣁࣅࣜࢸ࣮ࢩࣙࣥ㒊࡟࠾
࠸࡚ࠊẟ➹㸦ࢧࢡࣛ⏬➹ࢿ࢜ࢭࣉࣟࣥ 14ྕᖹ㸧ࢆ⏝࠸࡚ࠊ
సᴗ⒪ἲኈ➼ࡢ་⒪ᚑ஦⪅ 21ே࡟ࡼࡿゐ่⃭ຊࢆㄪ࡭ࡓࠋ
ࡑࡢ⤖ᯝࢆᅗ 5 ࡟♧ࡍࠋᡭ࡟ᣢࡗࡓ➹ࢆࠊ㟁Ꮚኳ⛗
SHIMADSU UX820S࡟ᆶ┤࡟ᢲࡋᙜ࡚ࡿࡇ࡜ࢆ  ᅇ⾜ࡗ
ࡓࠋ⤖ᯝࠊ➹่࡛⃭ࡍࡿ࡜ࡁࡢᅽຊࡣಶே㛫࡛ࡢࡤࡽࡘࡁ
ࡀ኱ࡁࡃࠊ᭱ᑠ 2gࠊ᭱኱ 25g࡛࠶ࡗࡓࠋ㸯ಶே࡛ࡢࡤࡽࡘ
ࡁࡶ኱ࡁࡃࠊ᭱኱࡛ 18gࠊ᭱ᑠ࡛ 3g ࡢேࡶ࠸ࡓࠋࡇࡢࡤࡽ
ࡘࡁࡀࠊ᳨ᰝ࡟࠾ࡅࡿಙ㢗ᛶࢆᦆ࡞࠺せᅉ࡟࡞ࡗ࡚࠸ࡿࠋ
ࡇࡢᚑ᮶᳨ᰝἲࡢᨵၿ⟇࡜ࡋ࡚ࠊ✵Ẽᄇὶ࡟ࡼࡿゐぬ่⃭
ἲࢆ᥇⏝ࡋࡓࠋ✵Ẽᄇὶ࡟ࡼࡿゐぬ่⃭ἲࡣࠊ⓶⭵࡟᥋ゐ
ࡋ࡞࠸ࡓࡵቯṚࡸឤᰁ⑕ࡢᝈ㒊࡟ᑐࡋ࡚ࡶ᳨ᰝྍ⬟࡜⪃࠼
ࡿࠋ㠀᥋ゐ⾲ᅾ่⃭࡟ࡘ࠸࡚ࡣࠊ᪤࡟ඛ⾜◊✲(5) ࡀ࠶ࡿࠋ
௒ᅇࡢᥦ᱌ἲࡣࠊࢫࢡ࣮ࣜࢽࣥࢢ᳨ᰝ࡟≉໬ࡋࡓࠊᚤ⣽࡞
่⃭ᅽࢆẁ㝵ࡈ࡜࡟ᥦ♧ྍ⬟࡞㠀᥋ゐゐぬ่⃭ࡀ≉ᚩ࡛࠶
ࡿࠋ           
 
 
 

ᅗ 2 ゐぬ่⃭ࣉ࣮ࣟࣈ 
 

  
ᅗ 3  ᗘぬ่⃭ࣉ࣮ࣟࣈ 
 

ᅗ 4 ࢥࣥࢺ࣮࣮ࣟࣛ࡜่⃭ᥦ♧ 
 

  
ᅗ 1 ⬻᱾ሰࠊ⢾ᒀ⑓࡟࠾ࡅࡿཷ⒪⋡ࡢᖺḟ᥎⛣㸦᪥ᮏ⏕ά⩦័
⑓ண㜵༠఍㸸ࠕ⏕ά⩦័⑓ࠖࡼࡾᢤ⢋㸧 
ᅗ 5 ་⒪ᚑ஦⪅㸰㸯ேࡢ➹ᅽࡢ ᐃ⤖ᯝ㸦⇃኱་Ꮫ㒊௜ᒓ
⑓㝔ࣜࣁࣅࣜࢸ࣮ࢩࣙࣥ㒊㸧 
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 ✵Ẽᄇὶ࡟ࡼࡿゐ่⃭ゐぬ
่⃭ࡣࠊࣈࣟ࢔࡟౪⤥ࡍࡿ㟁ᅽ࡛ᅇ㌿ᩘࢆኚ࠼࡚ᄇὶ✵
Ẽᅽࢆ㸳ẁ㝵࡛ㄪᩚࡍࡿࠋ࿘ᅖ࡜ྠࡌ ᗘࡢᄇὶ✵Ẽࢆ⿕
㦂⪅య⾲࡟ᙜ࡚ࡿ࡜ࠊ⓶⭵⾲㠃ࡢ⇕ࢆ㣕ࡤࡋ࡚ࡋࡲ࠸ ෭
ぬࢆ่⃭ࡋ࡚ࡋࡲ࠺ࠋࡇࢀࢆ㜵ࡄࡓࡵ࡟ࠊࣀࢬࣝෆ㒊࡟ࢽ
ࢡ࣒ࣟ⥺ࢆ㓄⨨ࡋࣀࢬࣝෆ㒊ࡢ✵Ẽ ᗘࢆୖ᪼ࡉࡏࠊయ⾲
 ᗘࡼࡾ㧗ࡵࡢ ᗘࡢ✵Ẽࢆᄇᑕྍ⬟࡜ࡋࡓࠋᅗ㸴࡟♧ࡍ
ࡼ࠺࡟ࠊᄇฟཱྀ࡜᳨ᰝᑐ㇟㠃ࡢ㛫㝸ࢆ 10mm ࡜ࡋࠊ྿ฟཱྀ
ᚄࡀ 3mmĳࡢ࡜ࡁࠊᄇὶ✵Ẽࡣ 27mmĳࡢ⾲㠃ࢆ่⃭ࡍࡿࡇ
࡜ࢆᐇ㦂࡛☜ㄆࡋࡓࠋࡇࢀࡣࠊே㛫ࡢゐぬཷᐜჾࡢᩘࡀ⣙
30 ಶ㸭1 ੌ࡞ࡢ࡛(12)ࠊᮏ⿦⨨ࡣ⣙ 140 ಶࡢゐぬཷᐜჾࢆ่
⃭ࡍࡿࡇ࡜࡟࡞ࡿࠋ
 㢼ᅽ ᐃᐇ㦂
྿ฟཱྀ PPĳ ࡢゐぬ่⃭ࣉ࣮ࣟࣈࢆ㟁Ꮚኳ⛗
SHIMADSU UX820S࡟ᆶ┤࡟ᅛᐃࡋ࡚ࠊ㟁Ꮚኳ⛗࡟ᙜࡓ
ࡿᄇὶ✵Ẽࡢᙉࡉࢆィ ࡋࡓࠋ྿ฟཱྀ࠿ࡽ㟁Ꮚኳ⛗㠃ࡲ࡛
ࡢ㊥㞳ࡣ 10mmࠋࣈࣟ࢔ࡢືస㟁ᅽࡀ 9Vࡢ࡜ࡁࢆࣞ࣋ࣝ 5
࡜ࡋࠊ0࠿ࡽ 9Vࡢ㟁ᅽࢆᆒ➼࡟㸳ศ๭ࡋ࡚࠸ࡿࠋ⤖ᯝࢆᅗ
㸵࡟♧ࡍࠋࣞ࣋ࣝ 1ࡣ 0.003gࠊࣞ࣋ࣝ 2ࡣ 0.016gࠊࣞ࣋ࣝ 3
ࡣ 0.045gࠊࣞ࣋ࣝ 4ࡣ 0.086gࠊࣞ࣋ࣝ 5ࡣ 0.124g࡛࠶ࡗࡓࠋ
ࣈࣟ࢔㟁ᅽࢆᐃ᱁᭱኱ࡢ 12V ࡛ືసࡋࡓ࡜ࡁࡣ 0.21g ࡛࠶
ࡗࡓࠋࡉࡽ࡟ࠊ྿ฟཱྀࢆ➹ࢧࢡࣛ⏬➹ࢿ࢜ࢭࣉࣟࣥ 14 ྕ
ᖹ࡜ྠᵝࡢᙧ≧㸦ᴃ෇ 10mm㸧࡟ࡋࡓሙྜࡣࠊ0.02gࠊ0.09gࠊ
0.18gࠊ0.30g࡜࡞ࡗࡓ㸦ᅗ 㸧ࠋࡇࡢ⤖ᯝࢆホ౯ࡍࡿࡓࡵ࡟ࠊ
་⒪⌧ሙࡢ⢭ᐦ᳨ᰝ࡛౑⏝ࡉࢀ࡚࠸ࡿࣔࣀࣇ࢕࣓ࣛࣥࢺ▱
ぬࢸࢫࢱ࣮㸦ᅗ 㸧(13)ࡢホ౯୍ぴ㸦⾲ 㸧࡜ẚ㍑ࡋ࡚ホ౯ࡋ
ࡓࠋࣔࣀࣇ࢕࣓ࣛࣥࢺ▱ぬࢸࢫࢱ࣮࡛ࡣࠊࢱ࣮ࢤࢵࢺࣇ࢛
࣮ࢫࡀࠊ0.008㹼0.07g࡛ゐぬṇᖖࠊ0.16㹼0.40g࡛ゐぬపୗࠊ
0.60㹼2.0g 㜵ᚚ▱ぬపୗࠊ4.0㹼180g ࡛㜵ᚚ▱ぬ⬺ኻࠊ300g
࡛ ᐃ୙⬟࡜ࡉࢀࡿࠋᮏ่⃭ࣉ࣮ࣟࣈࡣࠊゐぬṇᖖ࡜ゐぬ
పୗࡢ㡯ࢆ࢝ࣂ࣮ࡋࠊ᳨ᰝ㒊఩࡟ゐぬ␗ᖖࡢ᭷↓ࢆุ᩿ࡍ
ࡿࢫࢡ࣮ࣜࢽࣥࢢ᳨ᰝࡀྍ⬟࡛࠶ࡿࠋ
ᅗ 6 ゐぬ่⃭ࡢ࢚ࣜ࢔
ᅗ 7 ゐぬ่⃭ࣉ࣮ࣟࣈ㢼ᅽ ᐃᐇ㦂ࡢ⤖ᯝ
ᅗ 8 㢼ᅽ ᐃ⤖ᯝ
ᅗ 9 ࣔࣀࣇ࢕࣓ࣛࣥࢺ▱ぬࢸࢫࢱ࣮
⾲ 1 ࣔࣀࣇ࢕࣓ࣛࣥࢺ▱ぬࢸࢫࢱ࣮ホ౯୍ぴ
䝍䞊䝀䝑䝖䝣䜷䞊䝇;ŐͿ ホ౯
Ϭ͘ϬϬϴΕϬ͘Ϭϳ ゐぬṇᖖ
Ϭ͘ϭϲΕϬ͘ϰϬ ゐぬపୗ
Ϭ͘ϲϬΕϮ͘Ϭ 㜵ᚚ▱ぬపୗ
ϰ͘ϬΕϭϴϬ 㜵ᚚ▱ぬ⬺ኻ
ϯϬϬ  ᐃ୙⬟
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 యឤᐇ㦂
ᮏࣉ࣮ࣟࣈࡢゐ่⃭ࡀࠊே࡟࡝ࡢࡼ࠺࡟ឤࡌࡽࢀࡿ࠿ࢆ
᫂ࡽ࠿࡟ࡍࡿࡓࡵ࡟ࠊゐぬ␗ᖖࡀ↓࠸೺ᖖᏛ⏕ 20ேࢆ⿕㦂
⪅࡟యឤᐇ㦂ࢆᐇ᪋ࡋࡓࠋィ 㒊఩ࡣᡭࡢ⏥࡛࠶ࡿࠋ㢼ᅽ
ࡢឤࡌ᪉ࢆ͆ࠊ ឤࡌ࡞࠸͇࠿ࡽ͆ᙉࡃឤࡌࡿ͇ࡢ㸳ẁ㝵࡜ࡋ
ཱྀ㢌࡛ᅇ⟅ࡋ࡚ࡶࡽࡗࡓࠋᐇ㦂ࡣ㸰ྎࡢ⿦⨨࡛ᐇ᪋ࡋࡓࠋ
ᅗ㸯㸮࡟⤖ᯝࢆ♧ࡍࠋ⤖ᯝ࠿ࡽឤࡌ᪉࡟㐪࠸ࡀ࠶ࡿࡇ࡜ࡀ
ࢃ࠿ࡾࠊゐぬ่⃭ࡀṇࡋࡃᥦ♧࡛ࡁࡿ࡜ุ᩿ࡍࡿࠋࣞ࣋ࣝ
࡟ࡼࡾឤࡌ᪉࡟㐪࠸ࡀ࠶ࡾࠊゐぬ่⃭ࡀṇࡋࡃᥦ♧࡛ࡁ࡚
࠸ࡿ࡜࠸࠼ࡿࠋ
  ᐃ㛫㝸୍ᐃ໬ၥ㢟
ᮏࣉ࣮ࣟࣈࡣࠊ᳨ᰝ⪅ࡀࣉ࣮ࣟࣈࢆᡭ࡟ᣢࡕᄇὶ✵Ẽࢆ
⿕㦂⪅࡟ᙜ࡚ࡿࡇ࡜ࢆ᝿ᐃࡋ࡚࠸ࡿࠋ᳨ᰝࡢࡓࡧ࡟ࣉ࣮ࣟ
ࣈ࡜᳨ᰝᑐ㇟㒊఩࡜ࡢ㛫㝸ࡀ୍ᐃ࡟ಖࡓࢀ࡞࠸࡜ࠊ ᐃ㒊
఩࡟ᙜࡓࡿ㢼ຊࡀ୍ᐃ࡜࡞ࡽࡎࠊᐃ㔞ⓗ࡞᳨ᰝ⤖ᯝࡀᚓࡽ
ࢀ࡞࠸ࡇ࡜ࡀண᝿ࡉࢀࡿࠋࡇࡢᑐ⟇࡜ࡋ࡚ࠊ⡆༢࡞௙⤌ࡳ
୍࡛ᐃ㛫㝸ࢆಖᣢྍ⬟࡞ᶵ⬟ࢆ⿦⨨࡟⤌ࡳ㎸ࡴࡇ࡜ࢆ᳨ウ
ࡋࡓࠋࡑࡢ࢖࣓࣮ࢪᅗࢆᅗ ࡟♧ࡍࠋ↔Ⅼ㊥㞳 20mmࡢฝ
ࣞࣥࢬ࡜ /('࠿ࡽ࡞ࡿࣔࢪ࣮ࣗࣝࢆࣀࢬࣝ࡟ྲྀࡾ௜ࡅ࡚ࠊ
⤖ീࢧ࢖ࢬࡢ኱ࡁࡉࡀ᭱ᑠࡢ࡜ࡁࠊࡍ࡞ࢃࡕ↔Ⅼࡀྜࡗࡓ
࡜ࡁࡀࠊ㛫㝸 10mm ࡜ࢃ࠿ࡿ௙⤌ࡳ࡛࠶ࡿࠋ㛫㝸ࢆኚ໬ࡉ
ࡏ࡚⤖ീࢧ࢖ࢬࢆィ ࡋࡓ࡜ࡁࡢᐇ㦂ࡢᵝᏊࢆᅗ  ࡟♧
ࡍࠋࣞࣥࢬ࠿ࡽࡢ㛫㝸ࡀ 20mm ࡢ࡜ࡁ⤖ീࡀ᭱ᑠ࡜࡞ࡿࡇ
࡜ࡀ☜ㄆ࡛ࡁࡓ㸦ᅗ 㸧ࠋ⡆༢࡞ගᏛ⣔ࢆࣉ࣮ࣟࣈ࡟⤌ࡳ㎸
ࡴࡇ࡜࡛ࠊၥ㢟ࡣゎỴ࡛ࡁࡿぢ㏻ࡋࢆᚓࡓࠋ
㸲㸬 ᗘぬ่⃭
 ᗘぬ่⃭⿦⨨ࡢᵓᡂ࡜ᵓ㐀ࢆᅗ 14 ࡜ᅗ 15 ࡟♧ࡍࠋ࣌
ࣝࢳ࢙⣲Ꮚ࡟ὶࡍ㟁ὶࢆไᚚࡋ࡚᥋ゐ㠃ࡢ ᗘࢆྍኚࡍ
ࡿࠋ ᗘࢭࣥࢧ࡛᥋ゐ㠃 ᗘࢆィ ࡋࠊ┠ᶆ ᗘ࡜ィ  
ᗘࢆẚ㍑ࡋࠊ࣌ࣝࢳ࢙⣲Ꮚ࡟ὶࡍ㟁ὶࡢྥࡁ࡜኱ࡁࡉࢆไ
ᚚࡍࡿࠋ࣌ࣝࢳ࢙⣲Ꮚࡣࠊ⾲㠃ࢆ෭༷ࡍࡿ㝿࡟⿬㠃ࡀⓎ⇕
ࡍࡿࡓࡵࠊᨺ⇕⏝࡜ࡋ࡚ࣄ࣮ࢺࢩࣥࢡࢆ᥋╔ࡍࡿࠋ᥋ゐ㠃
ࡢ኱ࡁࡉࡣ 12mmĳ࡛࠶ࡿࠋ ぬཷᐜჾࡣ⣙ 2ಶ㸭1cm2ࠊ෭
ぬཷᐜჾࡣ⣙ 15ಶ㸭1cm2࡞ࡢ࡛(12)ࠊ ぬ࡛⣙ 3ಶࠊ෭ぬ࡛
⣙ 8ಶࡢ ᗘぬཷᐜჾࢆ่⃭ࡍࡿࡇ࡜࡟࡞ࡿ㸦ᅗ 16㸧ࠋ
ࡇࡢ ᗘぬ่⃭⿦⨨ࡣࠊ ᗘぬ่⃭ࡢᶵ⬟ࡢ௚࡟ࠊ᳨ᰝ
㒊఩ࡢ ᗘࢆ ᐃྍ⬟࡞ᶵ⬟ࢆᣢࡘࠋ ෭ぬ่⃭ࣉࣟ̿ࣈ
ࡢ ᗘࢭࣥࢧࢆ฼⏝ࡋ࡚⓶⭵ ᗘࢆ ᐃࡍࡿࠋࡇࡢᶵ⬟ࡣࠊ
ูࡢ ᗘィࢆ⏝࠸࡞ࡃ࡚῭ࡴࡢ࡛ẁྲྀࡾࡢᡭ㛫ࡀ┬ࡅࡿࠋ
᳨ᰝ㒊఩ࡢ ᗘࢆ ᐃࡍࡿࡇ࡜࡛ࠊ᳨ᰝ㒊఩ࡼࡾ㧗࠸ ᗘ
ࡲࡓࡣప࠸ ᗘࢆ⿕㦂⪅࡟ᥦ♧ࡍࡿ㜈᳨್ᰝࡀྍ⬟࡜࡞
ࡿࠋࡲࡓࠊ➨  ❶࡟グ㍕ࡋࡓゐぬ᳨ᰝ࡟࠾࠸࡚ࠊ่⃭ࣉࣟ
࣮ࣈ࠿ࡽࡢᄇὶ✵Ẽࢆ⿕㦂⪅࡟ᥦ♧ࡍࡿ࡜ࡁ࡟ࠊ࠶ࡽ࠿ࡌ
ࡵ᳨ᰝ㒊఩ࡢ ᗘࡀࢃ࠿ࢀࡤࠊ ᗘぬࢆ่⃭ࡍࡿࡇ࡜࡞ࡃ
ゐぬཷᐜჾࡔࡅࢆ่⃭ྍ⬟࡜࡞ࡿࠋ
  ᗘぬ่⃭ᐇ㦂
 ᗘぬ่⃭ࣉ࣮ࣟࣈࢆ 5Υ࠿ࡽ 45Υࡢ⠊ᅖ࡛ 10Υࡈ࡜࡟
ኚ໬ࡉࡏࠊ⿕᳨⪅࡟ ᗘᥦ♧ࢆ⾜࠸ࠊ࡝ࡢࡼ࠺࡟ឤࡌࡿ࠿
ᅗ 10 ゐぬ่⃭ࡢయឤᐇ㦂⤖ᯝ
ᅗ 11  ㊥⿦⨨ࢆࣉ࣮ࣟࣈ࡟⿦╔ࡋࡓ࢖࣓࣮ࢪ
ᅗ 12 ⤖ീᐇ㦂㸦↔Ⅼ㊥㞳 PP ࣞࣥࢬ㸧
ᅗ 13 ⤖ീࢧ࢖ࢬ
― 4 ―
 Research Reports of  NIT, Ku amot  College. Vol.11㸦2019㸧
⇃ᮏ㧗➼ᑓ㛛Ꮫᰯ ◊✲⣖せ ➨ 11ྕ㸦2019㸧
ࡢᐇ㦂ࢆ⾜ࡗࡓࠋ⿕㦂⪅ࡣ 23ேࡢ೺ᖖᏛ⏕࡛࠶ࡿࠋ᳨ᰝ㒊
఩ࡣ⿕㦂⪅ࡢ฼ࡁᡭࡢ⏥࡛࠶ࡿࠋホ౯ᇶ‽ࡣ 5ẁ㝵ホ౯࡛ 1
ࢆࠕ෭ࡓ࠸ࠖ࡜ࡋࠊ㡰࡟ࠕࡦࢇࡸࡾ ࠖࠊࠕఱࡶឤࡌ࡞࠸ ࠖࠊࠕ 
࠸ ࠖࠊࠕ⇕࠸ࠖ࡜ࡍࡿࠋ⿕㦂⪅࡟ᑐࡍࡿホ౯ᐇ㦂⤖ᯝࢆᅗ㸯
㸵࡟♧ࡍࠋ⦪㍈ࡣ඲⿕㦂⪅ࡢホ౯ࡢᖹᆒ್ࠊᶓ㍈ࡣタᐃ 
ᗘ࡛ࠊ ᗘࡀୖ᪼ࡍࡿ࡟ᚑ࠸ホ౯ࡢᖹᆒ್ࡀୖࡀࡗ࡚࠸࡚ࠊ
45Υ࡛඲ဨࡀ⇕࠸࡜ឤࡌࡓࠋయ ࡼࡾప࠸ 15Υࡣࠊ෭ࡓࡉ
࡟㕌ឤ࡟࡞ࡾࠊ5Υ࡜ኚࢃࡽࡎ࡟༑ศ࡟෭ࡓ࠸࡜ឤࡌࡿሙྜ
ࡀ࠶ࡿࠋ
 ᗘ ᐃ
࠶ࡽ࠿ࡌࡵࠊタᐃ ᗘࡀ᫂♧࡛ࡁࡿྍኚ ᗘ⇕※ࢆ⏝ព
ࡋࠊ ᗘぬࣉ࣮ࣟࣈࢆࡇࡢ⇕※࡟᥋ゐࡋࡓ࡜ࡁࡢ ᗘࢭࣥ
ࢧࡢ㑄⛣ ᗘ࠿ࡽࠊ ᗘぬࣉ࣮ࣟࣈࡢ ᗘ ᐃᶵ⬟ࡢ᳨ᐃ
ᘧࢆసᡂࡋࡓ(11)ࠋసᡂࡋࡓ ᗘ ᐃᶵ⬟ࢆ⏝࠸࡚ࠊேࡢ⾲
ᅾ ᗘࡢ ᐃᐇ㦂ࢆ⾜ࡗࡓࠋ⿕㦂⪅ࡣ ேࡢ೺ᖖᏛ⏕࡛࠶
ࡿࠋ⿕㦂⪅ࡢᕥྑ࡝ࡕࡽ࠿ࡢᡭࡢ⏥ࡢ ᗘࢆࠊࢹࢪࢱࣝ 
ᗘィᏳ❧ィჾ HD-1200K࡜ᮏ⿦⨨࡛ ᐃࡋࠊࡑࡢㄗᕪࢆㄪ
࡭ࡓࠋ⤖ᯝࢆᅗ ࡟♧ࡍࠋㄗᕪࡣࠊ᭱኱±0.8Υ࡛࠶ࡗࡓࠋ
ࡇࡢ⤖ᯝࡣࠊ㜈᳨್ᰝࡀྍ⬟࡞⢭ᗘ࡜ゝ࠼ࡿࠋ
㸳 ⤖ゝ
ゐぬ᳨ᰝ࡟࠾ࡅࡿᐃ㔞ⓗゐぬ่⃭ࢆࠊᄇὶ✵Ẽࢆ⏝࠸࡚
㠀᥋ゐ࡛⾜࠺ゐぬ่⃭ࣉ࣮ࣟࣈࢆᥦ᱌ࡋࠊࢫࢡ࣮ࣜࢽࣥࢢ
᳨ᰝࢆ⾜࠺ゐぬ␗ᖖࡢ᭷↓᳨ᰝࢆ⾜࠼ࡿࡇ࡜ࢆࠊヨసࡋࡓ
⿦⨨ࢆ౑࠸ᐇ㦂࡟ࡼࡾ᫂ࡽ࠿࡟ࡋࡓࠋᐃ㔞ⓗ่⃭ࡀⓎ⏕࡛
ࡁࡿࡼ࠺࡟ࠊゐぬ่⃭ࣉ࣮ࣟࣈ࡜ ᐃ㒊఩࡜ࡢ㛫㝸ࢆ୍ᐃ
࡟ಖࡘᶵ⬟ࢆ᳨ウࡋࠊ⿦⨨࡟⤌ࡳ㎸ࡵࡿぢ㏻ࡋࢆᚓࡓࠋ 
ᗘぬ่⃭⿦⨨࡛ࡣࠊ ᗘ ᐃᶵ⬟ࢆᣢࡘ่⃭⿦⨨ࢆヨసࡋࠊ
ᅗ  ᮏᶵ⬟ࡢ ᐃ⤖ᯝ࡜ ᗘィࡢ ᐃ⤖ᯝ࡜ࡢㄗᕪ
ᅗ   ᗘぬ่⃭⿦⨨ᵓᡂ
䐟㖡ᯈ
䐠䝁䝛䜽䝍
䐡䝨䝹䝏䜵⣲Ꮚ
䐢䝠䞊䝖䝅䞁䜽
䐣 ᗘ䝉䞁䝃
ᅗ   ᗘぬࣉ࣮ࣟࣈ
ᅗ   ᗘぬ่⃭࢚ࣜ࢔
ᅗ   ᗘぬ่⃭ࣉ࣮ࣟࣈయឤᐇ㦂⤖ᯝ
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ᐇ㦂ࡢ⤖ᯝࠊࢫࢡ࣮ࣜࢽࣥࢢ᳨ᰝ⏝㏵࡜ࡋ࡚౑࠼ࡿぢ㏻ࡋ
ࢆᚓࡓࠋヨసࡋࡓ⿦⨨ࡢᶵ⬟ࢆ⏝࠸࡚ࠊデ⒪ᶵ㛵࡛⮫ᗋᐇ
㦂ࢆ⾜࠺ࡇ࡜ࡀ௒ᚋࡢㄢ㢟࡛࠶ࡿࠋ  
௒ᅇሗ࿌ࡋࡓゐぬ᳨ᰝᢏ⾡࡜ ᗘぬ᳨ᰝᢏ⾡ࠊࡑࡋ࡚ࠊ
᪤࡟Ⓨ⾲ࡋ࡚࠸ࡿ᣺ືぬ᳨ᰝᢏ⾡ࢆ⤌ࡳྜࢃࡏࡓ」ྜᆺឤ
ぬ᳨ᰝ⿦⨨ࢆࠊ་⒪⌧ሙࡢせồ௙ᵝ࡟ྜࢃࡏ࡚〇ရ໬㛤Ⓨ
ࡋࠊ་⒪⌧ሙࡢ᳨ᰝ⎔ቃࡀᨵၿࡉࢀࡿࡇ࡜࡟ᐤ୚࡛ࡁࢀࡤ
ᖾ࠸࡛࠶ࡿࠋ 

ㅰ㎡

ᮏ◊✲ࢆ㐍ࡵࡿ࡟࠶ࡓࡾࠊ་⒪ࡢᑓ㛛ⓗ❧ሙ࠿ࡽࡈຓゝ
࠾ࡼࡧᐇ㦂➼࡛༠ຊ࠸ࡓࡔ࠸ࡓ⇃ᮏ኱Ꮫ㝃ᒓ⑓㝔ࣜࣁࣅࣜ
ࢸ࣮ࢩࣙࣥ㒊኱୵ᖿ෸ᩍᤵ㸦ᙜ᫬㸧ࠊⴗ㔝ග㤶సᴗ⒪ἲኈ࡟
ឤㅰ⮴ࡋࡲࡍࠋ
ᮏ◊✲ࢆ㐍ࡵࡿ࡟࠶ࡓࡾࠊᐇ㦂➼࡛༠ຊࡋ࡚࠸ࡓࡔ࠸ࡓ
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